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Abstract
Hydrogen fuel cells are electrochemical power generators of high conversion efficiency and incredibly clean operation.
Throughout the world, the growth of fuel cell research and application has been very rapid in the last ten years where
successful pilot projects on many areas have been implemented. In Malaysia, approximately RM40 million has been granted 
to academic research institutions for fuel cell study and development. Recently, Malaysia saw the emergence of its first
hydrogen fuel cell developer, signaling the readiness of the industrial sector to be involved in marketing the potential of fuel
cells. Focusing mainly on Polymer Electrolyte Membrane fuel cell technology, this paper demonstrates the efforts by
Malaysian institutions, both industrial and academic, to promote hydrogen fuel cell education, training, application, R&D as
well as technology transfer. Emphasis is given to the existing collaboration between G-Energy Technologies and 
UniversitiTeknologi MARA that culminates with the successful application of a locally developed fuel cell system for a
single-seated vehicle. Briefs on the potential of realizing a large-scale utilization of this clean technology into Malaysia’s
mainstream power industry, domestic consumers and energy consuming industries is also discussed. Key challenges are also
identified where pilot projects, government policy and infrastructural development is central to strengthen the prospect of 
hydrogen fuel cell implementation in Malaysia.
©2012 The Authors.Published by Elsevier Ltd.
Selection and/or peer-review under responsibility of the Faculty of Education, University Technology MARA, Malaysia.
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1. Introduction
Hydrogen fuel cells operate on the direct-reverse of an electrolysis process. Instead of using electricity, fuel
cells promote the flow of free electrons, catalytically split from a supplied hydrogen-based fuel, and thus
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generating current (refer Fig. 1). It offers an important engineering solution to green, plus sustainable, energy
system. A significant advantage of a hydrogen fuel cell is that only heat and water is directly produced,
eliminating the pollutants normally associated with combustion based power systems. High energy conversion 
efficiency, modular and compact design scale, flexibility in fuel sources types, and its effective recharge
capability are the general advantages of a hydrogen fuel cell.  Component-wise, there are no toxic components
requiring costly handling such as those faced by the battery industry. It is a technology which seems to be an
exciting, though ideal, replacement to conventional power systems as far as environmentalists are concerned.
Hydrogen fuel cell (HFC) systems have been commercially available in Malaysia for the past 10 years through
regional brand agents for HFC systems. The Malaysian academic community has identified the potential and
opportunities of HFC since 1997.  The Institute of Fuel Cell, UniversitiKebangsaan Malaysia (IFC-UKM) and
the Institute of Hydrogen Economy, UniversitiTeknologi Malaysia (IHE-UTM) have since been established and
have led the way in HFC research and development (R&D) in Malaysia mainly focusing on the advanced
material development for improved component performance, Differing itself from IFC-UKM, IHE-UTM focused
on applied vehicle engineering HFC projects with notable success. Since 1997, the total funding through research
grants obtained for fuel cell R&D is approximately RM40 million (USD11.4m).
R&D works and continuous education taken up by both aforementioned institutions has managed to bring in 
the required knowledge and interest to fuel cell technology. However, the industrial acceptance is still slow for 
large-scale implementation. Questions on its suitability and economic viability relative to the Malaysian power 
industry scenario are paramount to its success and even scrutinized by the failure to recognize HFC as one of the
viable alternative energy systems in the Ninth and Tenth Malaysian Plan. Thus, the HFC communities in
Malaysia are faced with a tremendous challenge to realize the potential of HFC and should readily adopt smart 
partnerships and collaborative activities as one of its main approach.
The major strategies proposed by W. R. W. Daud(2006) towards realizing hydrogen energy utilization in
Malaysia sets 2015 as the milestone for significant implementation of HFC. Furthermore, it was expected that
HFC manufacturers are capable to reduce the cost of HFC systems to 50% of its current value by the year 2025,
with cost-effective systems driven by the demand for HFC vehicles by the year 2030. It was not mentioned in the
strategies, however, on the setting up of Malaysian HFC developers and supporting industries as well as 
collaborative works with academic institutions towards achieving the goals.
Fig. 1. Components and operation of a PEM fuel cell 
Within this paper, independent opinions by the authors related to strategic academic and industrial
collaboration towards advancement of knowledge-based technology, development of human resource and
strengthening the prospects of HFC implementation is provided. Details on R&D activities, knowledge
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development and the prevailing challenges ahead are discussed and based on integrated professional experience 
as well as academic point of view. This paper intends to acknowledge the roles of both parties in various 
collaborative activities towards the success of any future applications as an element in nation building. 
2. Fuel Cell Technology 
There are generally six main types of commercial fuel cells in the market. Fuel cells are classified primarily by 
the kind of electrolyte it employs (Table 1). This determines the kind of chemical reactions that take place in the 
cell, the kind of catalysts required, the temperature range in which the cell operates, the fuel required, and other 
factors. These characteristics, in turn, affect the applications for which these cells are most suitable.  
Fuel cell application is suitable for low to high range power outputs, which includes stationary as well as 
portable applications. As the size and cost reduces and new technologies emerges, its use is more widespread 
extending into power plants, military, vehicles, telecommunications, residential and others. Fuel cell systems 
have been successfully integrated into conventional power plants by utilizing the hydrogen-based compound in 
the combustion flue gases to enhance overall plant conversion efficiency. US military is also gradually replacing 
the use of batteries with fuel cell generators for their standard field equipment and for their jet fighters (Bostic, 
2004).  
In the automotive industry, cars and buses running solely on fuel cell as well as an integrated hybrid system 
can be found mostly in US, Japan, and Europe. Fuel cell vehicles such as the 93 kW Chevy Equinox FC and 100 
kW Honda FCX Clarity models has been leased to private individuals as a platform for hydrogen economy 
logistics research. In mobile electronics, Toshiba and MTI Micro has released DMFC battery chargers that allows 
users to charge anywhere without requiring plugging into an electrical outlet.  
Regenerative fuel cell systems are also finding its way to the market, supplying power and heat to residential 
areas. In Japan, a pilot project by the government equipped nearly 2,000 homes HFC systems as an ecological 
power-generating system. It applies a 1 kW fuel cell system running on natural gas, LPG or kerosene. 
Furthermore, the Japan government has targeted the fuel cell residential units to reach commercialized stage with 
a self-sustaining market by the year 2015.  
3. Malaysian perspective 
Global trend in hydrogen fuel cell application is rising yearly. In 2007 alone, it was estimated that USD1.5 
billion was spent for R&D activities, development of infrastructure, and system installation and operation 
(Anderson et al., 2007). Canada, USA, Japan, Iceland and Germany have identified the importance of hydrogen 
source and are spending extensively to prepare the necessary facilities for its implementation.  
Currently, the notable universities in Malaysia involved in fuel cell technology are UniversitiKebangsaan 
Malaysia, UniversitiTeknologi Malaysia, Universiti Malaya and UniversitiTeknologi MARA (UiTM). The 
research works carried out caters to diversified areas such as membrane technology, bipolar plate design, catalyst 
coating, production process optimization, power management modules, thermal engineering, hydrogen 
generation, analytical modeling as well as applied projects.  
Though the interest is improving, the application of HFC in Malaysia is still very limited. Apart from interest 
from the telecommunications sector, there is no notable application of hydrogen fuel cell technology in the 
mainstream Malaysian commerce and industry. Despite this, the technology is being gradually advertised and 
successfully applied by academia through vehicle design competitions such as the Shell Eco-Marathon challenge. 
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3.1. Rise of Industry 
From the year 2000 onwards, local agents for established fuel cell brands such as Ballard, Horizon and 
Heliosentriks emerged and provided support towards R&D and industrial application.The involvement of 
Malaysian industry in fuel cell were limited to being brand and sole agents for established fuel cell manufacturers 
with a market constrained to research and development activities at the previously stated research institutions.   
In 2009, the first fuel cell manufacturer in Malaysia, G-Energy Technologies (G-ET) Sdn. Bhd., was fully 
incorporated. G-ET aims to develop locally driven fuel cell technology and providing world class fuel cell 
products in terms of quality and cost. G-ET has identified the vast opportunities in HFC research, design, 
development, manufacturing and marketing for the Malaysian as well global needs. From its lab and office in 
Penang, R&D on PEM fuel cells are being extensively carried out. With initial assets worth approximately RM2 
million, G-ET has already established the expertise in bipolar plate manufacturing with surface finishing 
tolerances of 10 micrometers. Its business is mainly concentrated at the global front due to the very limited 
opportunity in the Malaysian market. Its current achievement is the successful in-house development of 
Membrane Electrode Assemblies that was featured in their 5 kW serial PEM fuel cell system for backup power 
and a 1 kW open cathode PEM fuel cell design to power up UiTM’s team ADROIT in the recent Shell Eco-
Marathon Asia 2012 challenge.  
The concept of home-grown green technology is readily embraced by G-ET in its business strategy. 
Relatively, Fig. 2 illustrates the industry-to-academics collaborative link strategy as envisioned by the authors. 
Human resource development, R&D and promoting HFC awareness are the major approaches in this strategy. 
 
Table 1. Types and characteristics of fuel cells  
Fuel cell Temperature (°C) 
Efficiency 
(%) Application Advantages Disadvantages 
Alkaline fuel cell 
(AFC) 50–90 50–70 Space application High efficiency 
Intolerant to CO2 in impure H2 
and air, corrosion, expensive 
Phosphoric acid fuel 
cell (PAFC) 175–220 40–45 
Stand-alone & 
combined heat & 
power 
Tolerant to impure H2, 
commercial value 
Low power density, corrosion & 
sulfur poisoning 
Molten carbonate fuel 
cell (MCFC) 600–650 50–60 
Central, stand-alone & 
combined heat & 
power 
High efficiency, 
commercial value 
Electrolyte instability, corrosion 
& sulfur poisoning 
Solid oxide fuel cell 
(SOFC) 800–1000 50–60 
Central, stand-alone & 
combined heat & 
power 
High efficiency & 
direct fossil fuel 
High temperature, thermal stress 
failure, coking & sulfur 
poisoning 
Polymer electrolyte 
membrane fuel cell 
(PEMFC) 
50–100 40–50 Vehicle & portable High power density, low temperature 
Intolerant to CO in impure H2 , 
expensive 
Direct methanol fuel 
cell (DMFC) 50–120 25–40 
Vehicle & small 
portable 
No reforming, high 
power density & low 
temperature 
Low efficiency, methanol 
crossover & poisonous 
byproduct 
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In order to strengthen the fuel cell community, G-ET is committed in education and training of human 
resource in applied fuel cell technology. In 2010, G-ET has taken in one undergrad and two post-graduate 
students from Universiti Malaysia Perlis (UNIMAP) plus two post-graduates from UiTM, all locals, for in-house 
practical and research training in the areas of PEMFC stacking, testing and MEA coating. The growth and focus 
on human resource is duly identified as one of the major contributors to improve the technological standing and 
pool of expertise, as well as generating the awareness for applied HFC projects in the future. 
The cost-effective approach by implementing locally developed and highly-dependable technology is the main 
item in a list of long-term strategies by G-ET to promote wider opportunities in HFC application, particularly in 
Malaysia. Based on the model of established brands which collaborates and out-sources a huge part of R&D 
activities to research institutions (universities), G-ET has established relations with UNIMAP and UiTM in 
specific R&D areas. Here, the collaborative work with UiTM is further highlighted. 
 
 
Fig. 2. Industry and academic collaboration strategy 
3.2. UiTM and G-ET collaboration activities 
 
Polymer Electrolyte Membrane fuel cell (PEMFC) is widely considered as the primary technology for 
applications up to 100 kW loads. The main components of a PEMFC system are shown in Fig.3. UiTM has 
established a strategic planning to become the leader in at least two areas of PEMFC engineering; thermal 
management and bipolar plate flow field design. The first project, started in 2008 and parked under the 
Alternative Energy Research Centre (AERC) of the Mechanical Engineering Faculty, was to analyze and improve 
the cooling characteristics and capabilities of air-cooled PEMFC stacks. The project spawned the knowledge and 
interest in PEMFC engineering within UiTM and other projects such as flow field design analysis and fuel cell 
vehicle development is currently being pursued at post-graduate level. 
In 2009, G-ET and AERC established a strategic R&D partnership in the area of PEMFC thermal engineering. 
G-ET provided the technological aid and equipment supply with AERC providing the analytical expertise and 
manpower for the project. Current G-ET stacks are designed at a 60oC operating temperature with conversion 
efficiencies of 40% to 50%. Investigations using simulation and experimental techniques were carried out on 
water-cooled and air-cooled PEMFC systems as a platform to understand the operating requirements and enhance 
its cooling capabilities for future stack designs. To date, a doctorate student and 20 undergraduates has been 
involved in this particular work in various engineering aspects, mainly in simulating the cooling performance of 
various cooling system configurations based on the bipolar plate designs of G-ET. 
G-ET and AERC also agreed that flow field bipolar plate designs are crucial in aiding the progress and 
competitiveness of PEMFC engineering. AERC is working towards gaining the technical knowledge in 
computational design and analysis of PEM bipolar plate designs. Computational Fluid Dynamics (CFD) software 
with fuel cell analytical modules was acquired to assist in R&D activities. Consultative research works with G-
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ET are expected to fully commence in 2013, mainly in exploring the countless flow field design efficiencies, by 
the setting up of a fuel cell simulation lab in UiTM.  
In view of the collaborative works, AERC has targeted to provide a technical support base, professionally and 
academically, to G-ET. From the works of Najmi and Rahim (2010 & 2011) and Sainan and Najmi (2011), 
AERC has successfully conducted projects on bipolar plate cooling channel CFD simulation-based analysis, 
applied modeling of fuel cell electrochemical, electrical and thermal behavior using MATLAB-SIMULINK, end-
plate structural analysis using CATIA, and thermal system operation analysis (Najmi& Rahim, 2012). 
Consequently, a HFC lab was developed and is currently equipped with a UPS demo system, a 100 W 
educational system, two industrial stacks, an engraver machine and a 1.6 kW fuel cell test station with raw 
materials for fuel cell stacking. The lab itself has been installed with a centralized hydrogen supply line and alarm 
system. A further 3 year planning sets a target of housing a self-dependent lab with the capability to design, 
manufacture, assemble and conduct performance tests of PEMFC stacks. To date, RM350 thousand has been 
spent in the development of the lab and an estimated RM1.5 million is needed to achieve the expansion plans. 
The development of the lab is tailored to conduct research, development and consultancy works primarily 
required by G-ET, as well as for supporting applied PEMFC projects, both internally and externally, in progress 
and in future undertakings. As an indicator of achievement, a fuel cell educational system has been recently 
developed by AERC. 
 
 
Fig. 3. Major components in a PEM fuel cell system 
3.2.1. HFC vehicle development 
 
AERC also plans to systematically educate interested minds on applied PEMFC projects. Technical 
competency to accompany any planned implementation of HFC systems is compulsory for success. Therefore, 
AERC and ARTeC, an automotive research interest group in UiTM, has launched an independent fuel cell 
vehicle project that takes on the approach of professional academic engineering with the support of G-ET to train 
students on the technical know-how of PEMFC vehicle power plant development.  
Together with Waldania Automation (M), a Malaysian control systems integrator company, team UiTM 
ADROIT has successfully competed in the Shell Eco-Marathon Asia 2012 challenge. The most notable 
achievement by the team was on becoming the only team competing in the hydrogen fuel category to build a 
vehicle running on a self-developed fuel cell and control system (Fig. 4). The three parties involved, along with 
SIRIM Advanced Material Research Centre, have agreed to continue this collaboration for upcoming events. This 
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project is seen as a platform to establish the fundamental engineering knowledge on a practical and road-worthy 
fuel cell vehicle design with localized technology development being central throughout the project. 
 
  
Fig. 4. Self-developed 1 kW hydrogen fuel cell and control system for team UiTM ADROIT 
3.3. Opportunities in R&D collaboration 
The role of academics in supporting industrial fuel cell R&D is highly needed and mainly due to the financial 
factor involved for such work. There are numerous potential areas of local R&D for a PEMFC system. Industrial 
technology allows rapid knowledge of new materials and designs. However, a fuel cell manufacturer would find 
it impossible to cater for all the engineering issues involved in building an efficient and cost-effective fuel cell. 
Academics have the man power, knowledge and integrated facilities to provide a systematic and comprehensive 
development process based on fundamental engineering analysis.  
An example of such industrial-academics collaboration in R&D is on the bipolar plate flow field design. It is 
generally accepted that a combination of parallel and serpentine flow field configuration provides the best 
solution to meet the flow requirements of the reactants, providing good dispersion, acceptable pressure variations 
and reducing flooding possibilities. However, there are still issues to be explored on the flow field geometry and 
its relative flow mechanics to the electrochemical reactions and consequent molar concentration as it flows 
downstream. As a result, even good flow field designs would suffer in power density if non-uniform reaction 
takes place in an operating fuel cell.  
A major area in HFC development is the material engineering For bipolar plates, exploring the right graphite 
compound are crucial for reducing the thickness and weight of the plate and consequently of the overall stack. 
Endplates are normally overlooked in the PEMFC component hierarchy; however, the role it plays in firmly 
holding the stacks together with evenly distributed force must not be taken for granted. R&D in endplate design, 
material selection, thermal behavior and stacking techniques are crucial in developing lightweight and high 
performance fuel cell stacks.  
The largest opportunity in fuel cell R&D might be offered in the area of new membrane material development. 
Less expensive membranes are urgently needed to bring down the total stack cost. Exploring suitable membrane 
engineering techniques that allows effective proton conductance without relying heavily on the membrane water 
content should also be pursued. In the area of catalyst layer, development of new and less expensive catalyst 
material combined with efficient engineering of its layered structure on the MEA are issues that needs to be 
continuously explored. Advances in catalyst technology for MEA fabrication has allowed significant reduction in 
fuel cell cost by 50% in the last 10 years, and further improvements in terms of catalyst material and coating 
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technique would lead to greater savings. Investigating the effect of catalyst layer structure and surface layer 
quality on fuel cell performance are micro-scale issues that could be addressed in R&D activities. 
In thermal engineering, a better understanding on the thermal cause-and-effects inside an operating fuel cell is 
needed. Temperature distribution plays a vital role in governing local chemical reactivity on the catalyst layer and 
the subsequent electrical energy generated. Membrane dehydration is the most significant problem associated 
with thermal conditions of a fuel cell. R&D in thermal management could look into aspects of cooling surface 
designs, coolant types and properties, advanced control methods, as well utilization of the waste heat. In the 
combined environment of electrochemical-thermo-fluids perspective, a large challenge exists to study the 
existence and effect of 2-phase flow at the cathode side with relation to power generation. Molar concentration 
effects and flow distribution analysis of the reactant gases along flow field designs are also directly related to the 
performance of a fuel cell. 
Apart from component-based R&D, fundamental aspects of design optimization such as cell degradation, 
operation failure, on-site diagnostic methods, predictive-modeling tools, standardized procedures in 
characterization and assembly, and advanced control algorithms should also be explored. Performance, 
parametric and cost modeling works on fuel cell systems are essential in supporting an effective design process 
and system optimization for industrial use. 
From the perspective of sustainable green technology, HFC systems are capable of minimizing the 
dependency on the main power grid for hydrogen generation and start-up power requirements. Solar-to-hydrogen 
fuel cell system is applicable to locations where the solar power is abundant and reliable. Engineering studies 
such as the environmental impact, cost-effectiveness, integrated system efficiency, source power to load control 
and specific component designs are some of the areas that highly require the attention of academic experts.These 
issues, along with many other micro level engineering, are mostly beyond the capabilities of a newly-developed 
industry to address and where academics are required to fittingly assist. Empirical and computational analysis 
with performance related prediction mathematical models are the tools that academics can adequately fill in fuel 
cell R&D. Within these frameworks, G-ET and UiTM is planning numerous collaborative works involving 
advanced design specifications, micro level characteristics of cooling channels, reactant flow fields, assembly 
methods mainly on stack compression effects and energy loss reduction on component and stack designs. 
 
4. Challenges  
 
In implementing HFC projects, the challenges withholding extensive utilization of HFC technology in 
Malaysia can be simplified into four categories: technology viability, hydrogen economy and infrastructure, 
execution of green technology initiatives as well as government support and incentives. In addressing the 
viability of the technology, the cost of power generation combined with a strong, locally available technical 
capability are believed to be the key for HFC implementation. These two factors have been discussed in detail in 
previous sections; however, public awareness and government support are crucially needed in order for the 
development strategies of technology and human resource is to be successful.  
To fulfill the commitment made by the nation to the Copenhagen Accord to reduce 40% of carbon emission, 
G-ET and UiTM believes that the government should introduce macro policies to directly acknowledge and 
support HFC implementation. The introduction of Renewable Energy as the fifth energy source since the Eighth 
Malaysia Plan has still yet to recognize HFC as one of the potential alternative power sources. The setting up of 
Green Technology Financing Scheme with a capital of RM1.5 billion is a great step to boost the growth in green 
technology, but banking sector support needs more defined action and enforcement by the government to fully 
realize the potential of green technology development and applications.  
The incentives offered by the government in fuel cell technology have to be adequately reviewed.  Further tax 
incentives for various critical components and materials required to build a cost-effective HFC system, plus 
providing substantial research grants, has to be at the center of government incentives and actions. Huge scale 
pilot projects on combined green technologies, inclusive of HFC, either on residential areas or commercial 
buildings, needs to be planned and kicked off in the near future as a definite proof to the government 
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commitment and a test of local technological capability. One viable demo project could be on a green technology 
demonstration house as envisioned by the Japanese government, incorporating state-of-the-art green technology 
including residential fuel cell, photovoltaic power generation, organic LED lightning and small wind turbine 
generator.   
The Malaysian government has identified solar, hydrogen energy and fuel cells as priority research areas in 
the alternative energy family. Hydrogen energy and solar energy was acknowledged as the most viable long term 
alternative to fossil fuel with HFC. Any applied HFC projects needs to seriously consider the fuel source and 
supply issues. For PEMFC systems, purified hydrogen is essential. The setting up of the proper hydrogen 
generation and supply infrastructure should be readily planned in tandem with the rise of interest in HFC 
technology. Hydrogen generation and supply infrastructure for the Malaysian hydrogen energy scenario has been 
discussed and modeled by Kamarudin et al. (2009). Localized hydrogen generation is an option for HFC systems. 
Expanding the utilization of solar energy from photovoltaic and thermal solar systems to hydrogen generation 
would enhance the total energy conversion efficiency of a HFC system. Eventual diffusion of solar, hydrogen and 
fuel cell technologies are essential in developing an in-situ integrated sustainable energy system that reduces the 
need for external hydrogen supply chain and infrastructure. 
Regardless of its numerous advantage and potential, hydrogen fuel cells have a long way to go before it can be 
widely accepted in Malaysia. In this sense, R&D in Malaysia should be given full support by the government to 
speed up the assimilation of fuel cell technology, and providing the expertise to develop our own fuel cell stacks, 
particularly of the PEM and DM fuel cell types. These two types are most suitable for the low to medium power 
application, such as electronic device chargers, backup systems, and even vehicles. It is also worth noting that 
fuel cell developers are rapidly shifting from R&D to commercialization, and the industry is separating into two 
groups of application; large fuel cells for utilities and industries (25 kW to 5 MW), and smaller systems designed 
for residential, commercial and portable users (less than 10 kW). 
The Malaysian government should provide commercial initiatives and incentives to local industries to adopt 
this technology. An official road map to hydrogen fuel cell application in Malaysia is needed, acting as a guide 
and objective for concentrated effort by all involved towards its realization. It is also the right step to take as the 
world, particularly the USA and Europe, is shifting to alternative energy in a huge scale as part of their economic 
restructuring. As such, the Malaysian Hydrogen and Fuel Cell Roadmap (Kamaruddin et al., 2006) is urgently 
required to address the challenges.  Even though Malaysia is a net exporter of oil and gas for the time being, it 
should not stop the interest and urgent need to implement green energy technology, particularly hydrogen fuel 
cells, at the core of our economy and education as well. 
4. Conclusions 
 
For the past 12 years, Malaysian academic institutions have taken the necessary steps to promote and embrace 
hydrogen fuel cell technology, and a pioneering locally-based fuel cell industry has recently emerged. Though 
only minimally applied currently, the potential and local interest in hydrogen fuel cells are large enough to 
promote its use intensively in the near future. Industrial and academic links, particularly of G-Energy 
Technologies and AERC of UiTM, was highlighted with independent opinions on collaborative strategies to be 
undertaken. The main strategies outlined involvejoint human resource development, R&D collaboration and 
active participation in promotional events. The need for higher financial commitment, investment in human 
resource, business friendly policies and outlying a collective roadmap would be the keys to realizing the potential 
of hydrogen fuel cells in Malaysia. 
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